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Phytochemical screening and evaluation of the cytotoxicity1

of fruits of Solanum torvum Swartz (Solanaceae) on HFF2

cells (Human Foreskin Fibroblasts).3

Abstract:4

Objective: The aim of this work is to evaluate the cytotoxic activity of the 70% ethanolic5

extract of the fruits of Solanum torvum Swartz (Solanaceae) on HFF (Human Foreskin6

Fibroblast) cells in in vitro culture and to determine its phytochemical composition.7

Study plan: An ethnobotanical survey was conducted in August 2015 in the Haut-Sassandra8

Region (Ivory Coast), on medicinal plants with multiple uses, and at the end of this survey9

the fruits of Solanum torvum have been selected then harvestedin the Sub-prefecture of10

Bédiala (Ivory Coast). Then after drying, the ethanolic extract of the fruits was prepared and11

sent to France in February 2016 at the Laboratory Adaptation and Pathogenesis of12

Microorganisms (LAPM) of Grenoble for cytotoxic tests.Phytochemical screening was13

carried out at the Faculty of Biological Sciences of Félix Houphouët Boigny University (Côte14

d'Ivoire).15

Methods: From an ethnobotanical survey, the fruits of Solanum torvum were harvested. The16

70% ethanolic extract prepared from the fruits of this plant was tested in vitro on divisional17

HFF cells after phytochemical screening.18

Results: The result revealed that this extract has cytotoxic activity on the tested HFF cells. At19

800 μg/mL, the survival rate of HFF cells increased from 100% to 4% of living cells.20

Phytochemical screening revealed the presence of compounds such as alkaloids, tannins,21

polyphenols, saponins and flavonoids.22

Conclusion: This extract is cytotoxic on HFF cells. It is therefore necessary to continue23

studies on toxicity and to be cautious in the use of solanum torvum fruits in traditional24

medicine.25

Key words: HFF cell, Cytotoxic, Extracts,ethnobotanical survey,Solanum26

torvum,Phytochemicals27

1. Introduction28

Solanum torvum belongs to the family Solanaceae. Solanum torvum is native to Central and29

South America, from Mexico to Brazil and Peru. It has spread widely in the Caribbean [1]. In30

West and Central Africa, it is grown locally in gardens for cooking [2]. Fruits are widely used31
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in the treatment of shingles in Cameroon[3]. They are also used as a vegetable and considered32

an essential ingredient in the diet of the South Indian population[1]. A fruit decoction is used33

in Ghana for the treatment of cough, liver disease and spleen [4]. Solanum torvum are rich in34

antioxidant, Its extracts are used in the preparation of tonic and hemopoietic agents and also35

for the treatment of pain throughout the body [5,6]. Previous work has revealed that the fruits36

of Solanum torvum are used in the treatment of various conditions: microbial infections [7],37

hypertention [8], kidney disease [9] diabetes [10]. Pérez-Amador et al. [11] reported the38

presence of glycoalkaloids in the fruit of Solanum torvum and another study showed that very39

low doses of glycoalkaloids in some Solanaceae are toxic [12,13]. In view of the interest of40

Solanum torvum fruits in the traditional medicine, we have undertaken to evaluate41

scientifically the cytotoxicity and phytochemical screening of the fruits. An ethnobotanical42

survey was conducted in August, 2015 in the Haut-Sassandra Region (Ivory Coast). This43

survey showed that all parts of Solanum torvum are intensively used, especially leaves and44

fruits in the treatment of dermatosis and anemia. The aim of this work is to perform a45

phytochemical screening and a cytotoxicity study of Solanum torvum fruits on Human46

Foreskin Fibroblasts (HFF) cells.47

2.Material and methods48

2.1 Plant material49

The fruits of Solanum torvum (Fig 1) were harvested in Biadiala in the Department of Daloa50

(Ivory Coast).51
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Fig 1: Leafy and fruiting twig of Solanum torvum (Solanaceae)60
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2.3 Cellular material61

The cellular support consists of human HFF (Human Foreskin Fibroblasts) cells. These are62

human cells that testify to the toxic activity of an extract. When these cells are in culture for63

only 24 hours, they are in a state of mitosis (or dividing cells).64

2.4 Preparation of plant extracts65

After harvest, the fruits were freed of impurities, dried in the shade for a week and then66

pulverized with an electric grinder. The fine powders obtained were stored in glass jars to67

prevent mold.68

2.5 Preparation of total aqueous extract (TAE)69

The preparation of this extract was performed using themethod described by Zirihi et70

al[14]whichinvolves macerating 100 g of plant powder ofspecies in 1L of sterile distilled71

water using a Blinder type 7 SEVEN STAR. The homogenate wasfiltered over hydrophilic72

cotton and then on Whatman filterpaper(n°3). The aqueous filtrate thusobtained is evaporated73

in an oven of Med CenterVenticell type at 50°C to obtain powders that constitute thetotal74

aqueous extract (TAE).75

2.6Preparationof70 % ethanolic extract (70 %FE)76

The extract was obtained by dissolving 5 g of TAE in100 mL of ethanol 70% (v ;v) solution77

and thenhomogenized. After decantation and filtration of thealcoholic fraction on hydrophilic78

cotton and on Whatman filterpaper(n°3), the filtrate collected isevaporated in an oven at 5079

°C. The powder obtained constitutes 70 % ethanolic extract (70 %EE)[15].80

2.7Yield calculation81

The yield is the quantity of extract obtainedfrom the plant powder. It is expressed as a82

percentage.In practice, it has been determined by the ratio ofweight of the solids content after83

evaporation on theweight of the dry plant material powder used for theextraction, multiplied84

by 100. This results is indicatedby the following formula:85

Yd = (m x 100)/M86

Yd : Extraction yield in percentage87

m : mass in grams of the dry extract88

M : mass in grams of the drug powder.89
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2.8 Phytochimical screening90

The identification of different chemical compounds in 70 % ethanolic was done by tubes91

characterizationreactions. This method consists of detecting thedifferent families of chemical92

compounds that mayexist in plant extracts on the basis of characteristiccolorations or93

precipitation reactions[16].94

o Alkaloids characterization95

The characterization of alkaloids was made usingBouchard (iodo-iodide) and Dragendorff96

(tetraiodopotassium bismuthate)reagent. 6 mL of 70 % ethanolicextract solution was97

evaporated to dryness. Theresidue was taken up in 6 mL of alcohol at 60 °C. Thefiltrate thus98

obtained was divided into two test tubes.In the first tube, two drops Dragendorffreagent99

wereadded. The presence of alkaloids was characterized byobserving orange-coloured100

precipitates. In the secondtube, two drops of Bouchard reagentswas added.The appearance of101

a reddish-brown color indicates thepresence of alkaloids. A control test was made102

withquinine.103

o Characterization of polyphenols104

The polyphenols colorimetry forms coloredprecipitates with a solution of ferric chloride105

(FeCl3). Thus, one drop of alcoholic solution of 2%ferric chloride and 2 mL of solution of 70106

% ethanolicextract wasadded. The formation of blue-black or green colouringmore or less107

dark confirms to the presence ofpolyphenols. A control test was performed with asolution of108

phenol.109

o Characterization of flavonoids110

Flavonoids have been characterized by the reaction tocyanidin. Thus, 2 mL of 70 %111

ethanolicextract wereevaporated to the dry sand bath. The residue thusobtained was112

mixedwith5 mL dilute hydrochloric acid 2 times. The mixture was collected in a testtube, in113

which pink-orange or violet colouration will appear. The addition of 3 drops ofisoamyl114

alcohol intensifies this coloring and confirmspresence of flavonoids. An alcoholic solution115

ofquercetin was used as a control.116

o Tannins characterization117

The Stiasny reagent (Formalin 30%, concentrated HCl1/0.5) helped to distinguish the118

catechin tannins (byprecipitation) of gallic tannins (by saturation).Tannins cathéchiques: to119
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10 mg of 70 % ethanolicextract,were added 10 mL of Stiasny reagent. The mixturewas heated120

in a water bath at 80 °C for 30 minutes.After cooling in a stream of water, observation121

ofprecipitate in the form of clear-brown flakescharacterizes catechin tannins. An alcoholic122

solutionof catechin was used as a control.Gallic tannins: For this test, the filtrate obtained123

fromthe reaction of catechol tannins characterization wassaturated with sodium acetate. To124

this mixture was added a few drops of a dilute aqueous solution of FeCl3 at 1%125

(approximately 1 mL). The appearance ofan intense blue-black coloration indicates the126

presenceof gallic tannins not precipitated by Stiasny reagent. An alcoholic solution of gallic127

acid was used as acontrol.128

o Terpenes characterization129

Sterols and terpenes characterization was made by the Liebermann-Burchard reaction. To 0.2130

g of 70 % ethanolic extract, were added 5 mL of ethyl ether, then the mixture was macerated131

for 30 minutes. The solution obtained after the maceration was filtered and then evaporated to132

dryness. The residue was then dissolved in 0.5 mL of acetic anhydride.Using a pipette, 2 mL133

of concentrated sulfuric acid were laid down at the bottom of the test tube without stirring.134

The appearance of brownish red or purple ringreflects the two liquid contact zone. The upper135

liquidturns green or purple to green or purple indicating thepresence of sterols and terpenes.136

A control test wasperformed with progesterone.137

o Coumarins characterization138

For the detection of coumarins, 2 mg of 70 % ethanolicextract was added to 2 mL of warm139

water and thenhomogenized. The homogenate thus obtained wasdivided into two test tubes.140

Thereafter, 0.5 mL ofdiluted ammonia at 25% was added to the contents ofone of the tubes.141

After observation under UV 365 nm,the presence of fluorescence in the tube where142

ammoniac wasadded indicates the presence of coumarins.143

o Saponins characterization144

For the detection of saponins, 10 mLof 70 % ethanolicextract was introduced in the test145

tubes. Each tube wasstrongly stirred in a vertical position for 15 seconds,and thenleft to set146

15 minutes. The height of persistentfoam is higher than 1 cm, testifying the presence147

ofsaponins.148

2.9 Cytotoxicitytest149
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To measure the toxicity of the ethanolic extract, the Human Foreskin Fibroblasts (HFF) cells150

were inoculated in 96-well plates (CellStar) at the rate of 3000 to 5000 cells per well in 100151

μl of D10 medium. These cells are kept in culture for 24 hours (dividing cells). Subsequently152

they were exposed for 24 hours at different concentrations (125-800 μg /mL) in plant extract153

solubilized in PBS buffer. This was done in triplicate, also for control control without plant154

extract. Viability was determined using 3- (4,5-dimethylthiazol-2-yl) -2,5-diphenyl155

tetrazolium bromide (MTT). The tetrazolium ring it contains is reduced in formazan by the156

mitochondrial succinate dehydrogenase of metabolically active cells, which precipitates and157

gives a purple color.The amount of precipitate formed is proportional to the number of living158

cells. In each well, MTT is added at a concentration of 500 μg / mL and incubated for 3 hours159

at 37 ° C. The formazan crystals are solubilized in 10 mM dimethylsulfoxide (DMSO). The160

measurement of the optical density at 544 nm was made using a Safir spectrophotometer161

(Tecan); this measurement of absorbance will make it possible to determine the relative162

quantity of living and metabolically active cells [17]. The results were expressed as a163

percentage of viability compared to control without plant extract. Viability rate = (Abs544164

nm extract / Abs544 nm control) × 100165

3.RESULTS166

3.1Yield of different extracts of fruits of solanum torvum167

We obtained from 200 g of powder, 20 g oftotal aqueous extract a yield of 10 % and from 5 g168

oftotal aqueous extract, we got 2 g of 70 % ethanolicextract or a yield of 40 %.169

3.2Phytochimical sorting170

The phytochemical sorting performed with the extractsof fruits of Solanum torvumallowed to171

detect the presenceof various chemical groups (Table 1). They are thepolyphenols, tannins,172

flavonoids,saponins, and alkaloids in 70% ethanol extract.173

Table 1 : Chemical compounds in the fruits of Solanum torvum174

Species Extract

Chimical compounds

Sap Flav Terp/ster Tanins Coum Alc Poly

Gall Cathé

Solanum torvum EE 70 % + +++ - ++ ++ - + +

- :negative reaction ; + : positive reaction175
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EE 70 % :70 % ethanolic extract176

Sap: saponins; Flav: flavonoids; Terp / Ster: terpenes / sterols; Gall: gallic;177

Cathé: cathechic; Coum: coumarines; Alc: alkaloids; Poly: polyphenol178

3.3Cytotoxicity test179

Figure 2 gives the percentage of viability of the HFF cells cultured in the presence of180

concentrations of 100 to 800 μg / mL for the 70% ethanolic extract of the fruits of181

Solanumtorvum compared to the control without plant extract. The number of cells decreases182

considerably as the concentration of the 70% ethanol extract of the fruits of Solanum torvum183

increases. At 800 μg / mL the number of dividing cells is 4%.The averages with the same184

superscript superscript letters are not different at 5% according to the turkey test.185

186
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Figure 2: Cytotoxicity test of 70%ethanolic extract  of fruits of Solanum torvum on HFF189

dividing cells190
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193

194

195

196

4.Discussion197

Medicinal plants play a central role in traditional medicine. Ethnobotanical surveys198

conducted among traditional health practitioners have made it possible to harvest the fruits of199

Solanum torvum, which are used in the treatment ofanemia, bacterial infections and several200

other diseases[18]. The recipes obtained from the fruits of this plant are monospecific, which201

is an advantage for the patients, because the associations of wrongly mixed plants, are202

sometimes dangerous for the health [19]. Phytochemical screening revealed the presence of203

chemical compounds such as alkaloids, tannins, polyphenols, saponins and flavonoids. The204

presence of these chemical compounds could justify the multiple activities of the fruits of this205

plant [20].The cytotoxic essay performed on HFF cells showed a gradual decrease in purple206

staining in each well. Since the dye penetrates only in living cells, the coloring is weaker as207

the plant extract is cytotoxic by inhibition of HFF cells[21]. The sharp decrease in the relative208

amount of the dividing HFF cells could be explained by the fact that the HFF cells would be209

killed by the 70% ethanol extract of Solanum torvum. Indeed, extracts resulting in a cell death210

greater than 30% could be considered as cytotoxic[22]. This extract could therefore contain a211

chemical compound that inactivates succinate dehydrogenase, an enzyme important for212

mitochondrial respiration, the blockage of which would lead to cell death. This result213

demonstrates the cytotoxic effect of70%ethanolic extract ofSolanum torvum, a Solanaceae214

from the Ivorian pharmacopoeia on the cell line tested. Which means that the external use of215

the fruits of this plant would probably be dangerous for human health. This toxicity of fruit216

could also be explained by the presence of certain groups of chemical compounds such as217

glycoalkaloides which is toxic in some Solanaceae[13]. Our results on in vitro toxicity218

corroborate those [23]who worked on the same family of plants. Indeed according to the219

work of Busser and Baies[23]the fruits of Solanum nigrum L. (Solanaceae) another220

Solanaceae rich in glucoalcaloids and saponins are toxic in internal and external uses on an221

organism.222

5.Conclusion223
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Solanum torvum is an important medicinal plant of the family of Solanaceae. From the224

evaluation of the biological activity, it appears that 70% ethanolic extract of the fruits of225

Solanum torvum is cytotoxic on the HFF cells. We therefore plan to continue the acute and226

subacute toxicity studies to compare the results with those obtained in vitro to confirm or227

refute the toxicity of the fruits in this study.228

229

Acknowledgement230

The authors thank the Laboratory Adaptation and Pathogenesis of Microorganisms (LAPM)231

of Grenoble in France, where cytotoxicity studies were carried out and the traditional health232

practitioners of the Haut-Sassandra Region.233

References234

1. Adjanohoun J, Aboubakar N, Dramane K,Ebot E, Ekpere A, Enoworock G et al.235

Traditional medicineand pharmacopeia-contribution toethnobotanical and floristic studies236

inCameroon. In: CNPMS. Porto-Novo, Benin,1996, pp. 50–52.237

2.Etienne J. Solanacées médicinales et philatélie.Bull. Soc. Pharm. Bordeaux.2005 ;144: 311-238

332.239

3. Emmanuel N, Catherine K, Philomène C N B, Siegfried D D, Emmanuel M M. Inventaire240

et caractérisation des plantes médicinales utilisées en thérapeutique dans le département de la241

Sanaga Maritime: Ndom, Ngambe et Pouma. J. Appl. Biosci. 2016 ; 106:10333 –10352.242

3.Siemonsma J, Piluek K. Plant Resources ofSouth-East Asia (PROSEA) Bogor. Indonesia,243

1994, pp. 412.244

4.Kala C P. Ethnomedicinal botany of theApatani in the Eastern Himalayan region ofIndian. J245

Ethno and Ethnomed. 2005 ; 1: 1-8.246

5.Sivapriya M, Srinivas L. Isolation andpurification of a novel antioxidant proteinFrom the247

water extract of Sundakai(Solanum torvum) seeds. Food Chemistry.2007 ; 104: 510 - 517.248

6.Nasir, J.Y. Solanaceae. In: Flora of Pakistan. (Eds.): S.I. Ali and E. Nasir. Fascicle 85.249

Pakistan Agri Res Council. 1985 ; pp. 1-61.250

7. Wiart C., Mogana S., Khalifah S., Mahan M., Ismail S., Buckle M., Narayana A.K and251

Sulaiman M.Antimicrobial screening of plants used for traditional medicine in the state of252

Perak, Peninsular Malaysia. Fitoterapia. 2004; 75 (1): 68-73.253

8. Fui LH, Knowledge and use of forest product as traditional medicine: the case of the254

forest-dwelling communities, In: Proceedings of the Conference on Medicinal Products from255



10

Tropical Rain Forest. K Shaari, AA Kadir, ARM Ali (Eds.), Forest Research Institute of256

Malaysia. Kuala Lumpur. 1992 ; pp. 385-400.257

9. Mohan M, Kamble S, Kasture S. Protective effect of Solanum torvum on doxorubicin-258

induced nephrotoxicity in rats, Food and Chem Toxico.2010 ; 48: 436-440.259

10. Gandhi GR, Ignacimuthu S, Paulraj M G,Sasikumar P. Antihyperglycemic activity260

and antidiabetic effect of methyl caffeate isolated from Solanum torvum Swartz. fruit261

in streptozotocin induced diabetic rats, Eur J Pharmacol. 2011 ; 30: 623-31.262

11. Pérez-Amador M. C, Muñoz Ocotero V, García J M, Castañeda A R, González E.263

Alkaloids in Solanum torvum Sw (Solanaceae). Inter experim Botany. 2007; 76: 39-45.264

12. Tajner-Czopek A. Food Chem.2008 ; 106 (2) :706-11.265

13. Ayad K. Effect of Solanine on Arthritis Symptoms in Postmenopausal Female Albino266

Rats. Arab Journ of Nucl Sc and Appl.2013 ;46 (3) :279-285.267

14. .Zirihi GN, Kra A, Dadié ET. Etude botanique et évaluation des activités antifongiques de268

Mitracarpus villosus (MV) (Rubiaceae) et Spermacoce verticillota (SV) (Rubiaceae) sur la269

croissance in vitro de A. fumigatus. Rev de Méd et de Pharma Afr. 2007 ; 20 : 9-17.270

15. Gnahoué G, Bené K, Coulibaly K. Etude botanique, screening phytochimique et activité271

anticandidosique in vitro de Pycnanthus angolensis (Welw.) Warb. (Myristicaceae). Euro Sc272

jour. 2015 ; 11 (36) : 7431-7881.273

16 .Harborne J B. A guide to modern techniques of plant analysis. Springer, 3rd Edn, India274

(New Delhi). 1998, pp 5-32.275

17.Mosman, T. Rapid colorimetric assay for cellular growth and survival : application to276

proliferation and cytotoxicityassay. Journal of  immunological Methods. 1983 ; 65, 55-63.277

19.N’Guessan K, Kouadio K, Kouamé N’Guessan F, Traoré D, Aké-Assi L. Etude botanique278

des plantes emménagogues utilisées en médecine traditionnelle par les Abbey et Krobou279

d’Agboville (Côte-d’Ivoire). Rev Med Pharm Afr. 2008 ; 21: 43–60.280

20. Zubaida Y, Ying W, Elias B. Phytochemistry and Pharmacological Studies on Solanum281

torvum Swartz  Jour of Applied Pharma Sci. 2013 ; 3 (4), pp. 152-160.282

21.Irie-N’guessan A. G, Kablan B. J., Kouakou-Siransy N. G., Leblais V., Champy P.283

Evaluation de la toxicité de cinq plantes antiasthmatiques de la médecine traditionnelle284

ivoirienne. Int. J. Biol. Chem. Sci. 2011; 5(3): 1316-1319.285



11

22.Coulerie P. Etude phytochimique et pharmacologique de plantes de Nouvelle-Calédonie à286

potentialités anti-dengue. Thèse de Doctorat de chimie des substances naturelles. Université287

de la Nouvelle-Calédonie : Ecole Doctorale du Pacifique. 2012 ; 296 p.288

23.Busser C. Baies, fruits et pseudo-fruits toxiques utilises en médecine populaire ou en289

phytothérapiePhytot. 2007 ; 1: 31–36290

291

292

293

,294

295

296

297

298

299

300


